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DUH DSSOLFDEOH LQ WKH ODWHU VWDJHV RI SURGXFW GHVLJQ VXFK DV
HPERGLPHQWDQGGHWDLOGHVLJQ>@7KHSURYLVLRQRIUXOHVDQG
JXLGHOLQHVIRUWLPHFRVWVDQGTXDOLW\UHVWULFWVSURGXFWJHRPHWU\
DQG PDWHULDO VHOHFWLRQ WR HQVXUH PDQXIDFWXUDELOLW\ >@
+RZHYHUWKLVRIWHQUHVXOWVLQWLPHFRQVXPLQJLWHUDWLRQVIRUWKH
GHVLJQHU>@7KHGHPDQGIRUKLJKTXDOLW\SURGXFWVWRVDWLVI\
VWDNHKROGHU QHHGV FDQ EH IDFHG E\ UHDOL]LQJ PDQXIDFWXULQJ
SRWHQWLDOV >@ 7R FRPSUHKHQVLYHO\ WDS WKHVH SRWHQWLDOV
PDQXIDFWXULQJSURFHVVHVKDYHWREHUHJDUGHGGXULQJWKHHDUO\
VWDJHV RI SURGXFW GHYHORSPHQW 8QIRUWXQDWHO\ WKLV OHDGV WR
LQFUHDVHG FRPSOH[LW\ LQ WKH GHVLJQ WDVN ZKLFK KDV WR EH
DGHTXDWHO\ KDQGOHG $GGLWLRQDO FRPSOH[LW\ DULVHV IURP
SURGXFWVZLWKGLVWLQFWLYHOLIHF\FOHSURFHVVHV'HYHORSPHQWRI
IDVWHQLQJHOHPHQWVUHTXLUHVWKHFRQVLGHUDWLRQRIDVVHPEO\XVH
DQG GLVDVVHPEO\ SURFHVVHV GXULQJ WKH SURGXFW XVH SKDVH
)LJ7KHUHTXLUHGDVVHPEO\DQGGLVDVVHPEO\IRUFHVKDYHD
KXJH LPSDFW RQ WKH IDVWHQLQJ GHVLJQ ZKLFK GHWHUPLQHV WKH






ZKLOH FRQVLGHULQJ PDQXIDFWXULQJ DV ZHOO DV IXUWKHU SURFHVV
LQIRUPDWLRQ WR HQVXUH RSWLPDO SURGXFW GHVLJQ (QJLQHHULQJ
GHVLJQRSWLPL]DWLRQ('2SURYLGHVVHYHUDOZD\VWRVROYHWKLV
SUREOHP >@ )LUVW WKH DOJRULWKPLF RSWLPL]DWLRQ DGHTXDWHO\
GHDOV ZLWK FRPSOH[LW\ E\ FRPSUHKHQVLYHO\ FRQVLGHULQJ WKH
PDQXIDFWXULQJ WHFKQRORJLHV GXULQJSURGXFW GHYHORSPHQW >@
$Q DOJRULWKPLF VLPXODWLRQEDVHG DSSURDFK LV LQWURGXFHG
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DSSO\LQJ D GHULYDWLYHEDVHG PHWKRG LQVWHDG RI JHQHWLF
DOJRULWKPV ,QDGGLWLRQ WR WKLVSDUWLFXODUO\ IRUSURGXFWVZLWK
H[WHQVLYHXVHSKDVHVWKHHIIHFWVRIDSDUWLFXODUPDQXIDFWXULQJ
WHFKQRORJ\ RQ IXUWKHU OLIH F\FOH SURFHVVHV FDQ RQO\ EH







7KH DSSURDFK LV FKDUDFWHUL]HG E\ D SURGXFW GHYHORSPHQW
SURFHVV EDVHG RQ ZHOOHVWDEOLVKHG GHYHORSPHQW DSSURDFKHV
VXFKDV9',>@DQG$[LRPDWLF'HVLJQ>@FRPSULVLQJD
VWHSZLVHFRQFUHWL]DWLRQRIWKHSURGXFWIURPWKHSURGXFWLGHDWR
WKH ILQDO SURGXFW ZLWK GHWHUPLQHG JHRPHWULFDO DQG PDWHULDO
SURSHUWLHV )LJ 7KLV YLHZ LV H[WHQGHG E\ HDUO\ DQG
V\VWHPDWLFDQWLFLSDWLRQDQGLQWHJUDWLRQRILQIRUPDWLRQIURPOLIH
F\FOH SURFHVVHV$VZHOO DVPDQXIDFWXULQJ SURFHVVHV DV NH\
SURFHVVHVSURFHVVHVRIWKHXVHSKDVHKDYHWREHLQFOXGHGLQD













$ XQLIRUP GHVFULSWLRQ RI SURGXFW SURSHUWLHV LV XVHG WR
V\VWHPDWLFDOO\ FRQGXFW WKLV VWHS7KHPDQXIDFWXULQJ LQGXFHG
SURSHUWLHV DQG GHVLJQ HOHPHQWV DUH NH\ HOHPHQWV RI WKH
LQWHJUDWLRQ 6XSSRUWHG E\ PDWKHPDWLFDO RSWLPL]DWLRQ
DOJRULWKPVWKHRSWLPDOSURGXFWGHVLJQLVZLWKLQWKHVFRSHRI
WKH DQDO\]HGPDQXIDFWXULQJ DVVHPEO\ XVH DQG GLVDVVHPEO\
SURFHVVHV'XULQJ WKHILQDOVWHSRI UHILQHPHQWRI WKHSURGXFW
GHVLJQ WKH SURGXFW LV FRPSOHPHQWHG LQ LWV JHRPHWULF DQG
PDWHULDOSURSHUWLHV
&DVH6WXG\±OLQHDUIORZVSOLWVQDSILW
$FHLOLQJ IDVWHQLQJ V\VWHP UHTXLUHV WKH GHYHORSPHQW RI D
GHWDFKDEOH IDVWHQLQJEHWZHHQ WZRSURILOH VWUXFWXUHV VWUDLQHG
E\DQH[WHUQDOGRZQZDUGIRUFH)LJ)RUHDUO\LQWHJUDWLRQ
RIPDQXIDFWXULQJLQIRUPDWLRQLQWRSURGXFWGHYHORSPHQWHDUO\
GHWHUPLQDWLRQ RI D VXLWDEOH PDQXIDFWXULQJ WHFKQRORJ\ LV
LQGLVSHQVDEOH >@ 6QDSILW IDVWHQLQJV DUH GHWDFKDEOH
PHFKDQLFDOFRQQHFWLRQVZLWKDSUHIHUHQFHIRUDQH[LVWLQJKLJK
GHJUHHRILQWHJUDWLRQ>@6\VWHPDWLFSURSHUW\PDWFKLQJUHYHDOV
WKDW OLQHDU IORZ VSOLWWLQJ LV HVSHFLDOO\ EHQHILFLDO IRU VXFK
IDVWHQLQJV DV LW SURYLGHV KLJKO\ LQWHJUDWHG SURILOH VWUXFWXUHV
ZLWKKLJKVWUHQJWKDQGJHRPHWU\GHSHQGHQWVWLIIQHVV>@





3.1. Process analyses – manufacturing, assembly, use and 
disassembly 
)RUPDOL]DWLRQRIWKHPDQXIDFWXULQJLQWHJUDWHGGHVLJQWDVNLV
EDVHG RQ DQ DQDO\VLV RI PDQXIDFWXULQJ SURFHVVHV
0DQXIDFWXULQJLQGXFHGSURSHUWLHVDQGGHVLJQHOHPHQWVRIWKH
FKRVHQPDQXIDFWXULQJWHFKQRORJ\DUHSURFHVVHGDQGSUHSDUHG
IRU WKH GHVLJQHU > @ 3URFHVV DQDO\VLV RI WKH FKRVHQ
PDQXIDFWXULQJ WHFKQRORJ\ OLQHDU IORZ VSOLWWLQJ OHDGV WR D
FKDUDFWHULVWLF VHW RI LQIRUPDWLRQ UHSUHVHQWHG E\ WKH





$ VLPLODU DQDO\VLV RI WKH DVVHPEO\ XVH DQG GLVDVVHPEO\
SURFHVVHVLVFUXFLDOIRUSURGXFWVZLWKDQH[WHQVLYHXVHSKDVH
OLNH VQDSILW IDVWHQLQJV 2Q WKH EDVLV RI WKH LGHQWLILHG
PDQXIDFWXULQJLQGXFHGSURSHUWLHVDQDO\VLVRIWKHLULPSDFWRQ
WKH SURGXFW XVH SKDVH LV LPSRUWDQW$ WZRVWHS SURFHGXUH LV
FDUULHGRXW)LUVWWKHUHOHYDQFHRIWKHZRUNLQJHOHPHQWVRIWKH
VQDSILWWRWKHDVVHPEO\XVHDQGGLVDVVHPEO\SURFHVVHVKDVWR
EH FODULILHG 6HFRQG V\VWHPDWLF OLQNLQJ RI WKH ZRUNLQJ
HOHPHQWV DQG WKH PDQXIDFWXULQJ LQGXFHG GHVLJQ HOHPHQWV LV
FRQGXFWHG 6QDSILW IDVWHQLQJV DUH FRPSULVHG RI ZRUNLQJ
HOHPHQWVWKDWDUHLPSRUWDQWIRUHQVXULQJQRWRQO\VQDSILWXVH
EXW DOVR UHOLDEOH DVVHPEO\ DQG GLVDVVHPEO\ )LJ (DFK
ZRUNLQJ HOHPHQW KDV WR EH DVVHVVHG ZKHQ IRUPDOL]LQJ WKH
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GHVLJQWDVNRIWKHXVHSKDVHSURFHVVHV)RUH[DPSOHVWLIIQHVV
RIWKHIOH[LEOHEHDPKDVDVLJQLILFDQWLPSDFWRQDVVHPEO\IRUFHV
)$ DQG RQ GLVDVVHPEO\ IRUFHV ZKLFK DUH HTXLYDOHQW WR WKH
KROGLQJIRUFHVGXULQJXVH7KHDQJOHRIWKHSXOORXWVXUIDFHVWR
WKHIDVWHQLQJGLUHFWLRQ LQIOXHQFHV WKHGLVDVVHPEO\IRUFHV WKH
DQJOHRIWKHOHDGLQVXUIDFHVFRUUHODWHVZLWKWKHDVVHPEO\IRUFHV





3.2. Integration of manufacturing induced properties 
$QWLFLSDWHGSURFHVVLQIRUPDWLRQKDVWREHLQWHJUDWHGLQWRWKH
GHYHORSPHQW RI D GHWDFKDEOH FHLOLQJ IDVWHQLQJ V\VWHP 7KH
LPSDFWVRIWKHPDQXIDFWXULQJLQGXFHGSURSHUWLHVRQWKHSURGXFW
ZLWKLQ WKH XVH SKDVH SURFHVVHV KDYH WR EH V\VWHPDWLFDOO\
LGHQWLILHGDQGOLQNHGWRWKHZRUNLQJHOHPHQWVRIWKHVQDSILW
7KLV XQLIRUP GHVFULSWLRQ RI WKH HOHPHQWV XVLQJ SURGXFW
SURSHUWLHVEHFRPHVDV\VWHPDWLFSURFHGXUHZLWKDIRFXVRQWKH
IROORZLQJDOJRULWKPLFRSWLPL]DWLRQEHLQJSRVVLEOH




VXFK DV JUHDW KDUGQHVV KLJK VWUHQJWK DQG KLJK <RXQJ¶V
PRGXOXVFRPSDUHGWRSODVWLFVZKLFKLVDVWDQGDUGPDWHULDOIRU
VQDSILWV 7KLV V\VWHPDWLF OLQNLQJ UHYHDOV GLIIHUHQW GHVLJQ
FRQVWUDLQWV DV ZHOO DV SRWHQWLDO IRU WKH UHDOL]DWLRQ RI WKH
ZRUNLQJ HOHPHQWV E\ WKH FKRVHQ PDQXIDFWXULQJ WHFKQRORJ\
7KHVHSRWHQWLDOVFDQEHUHYHDOHGLQGHVLJQSDWWHUQVIRULQVWDQFH
>@'HVLJQSDWWHUQVDUHFRPSULVHGRIVROXWLRQHOHPHQWVZKLFK
GHVFULEH KRZ WR XVH WKH SRWHQWLDO RI OLQHDU IORZ VSOLWWLQJ WR
UHDOL]HZRUNLQJ HOHPHQWV )RU GHVLJQ SDWWHUQ , DV VKRZQ LQ
)LJWKHOLQNLQJUHYHDOVWKDWWKHKLJKVWUHQJWKDQGKDUGQHVV
RI WKH IODQJHV DVZHOO DV WKHLU DQLVRWURSLF<RXQJ¶VPRGXOXV
SUHGHVWLQHVWKHPWRUHDOL]LQJWKHIOH[LEOHEHDPZLWKLQWHJUDWHG
VWRSOHDGLQDQGSXOORXWVXUIDFHV
$GGLWLRQDO UHTXLUHPHQWV FRQVWUDLQLQJ WKH VROXWLRQ VSDFH
DULVH IURP WKH LGHQWLILHG GHVLJQ SDWWHUQV GXH WR WKH IDFW WKDW
PDQXIDFWXULQJSURFHVVFRQVWUDLQWVDIIHFWWKHIODQJHGXULQJLWV
















3.3. Formalizing the manufacturing integrated design task 




UHDFK KLJK VWLIIQHVV RI WKH SURILOH VWUXFWXUH WR DFKLHYH KLJK
KROGLQJIRUFHV$OOIXUWKHUDVSHFWVRIPDQXIDFWXULQJDVVHPEO\
XVHDQGGLVDVVHPEO\SURFHVVHVDUHFRQVLGHUHGE\ WKHDOUHDG\
LGHQWLILHGGHVLJQ FRQVWUDLQWV7KXV WKH IRUPDOL]HG LQWHJUDWHG
GHVLJQ WDVN DV VKRZQ LQ )LJ FRPSULVHV WKH REMHFWLYH
IXQFWLRQ GHVLJQ FRQVWUDLQWV IURP DOO PHQWLRQHG OLIH F\FOH
SURFHVVHV DQG GHVLJQ YDULDEOHV ZKLFK DUH GLUHFWO\ GHGXFHG
IURP WKH LQGHSHQGHQW SURGXFW SURSHUWLHV RI WKH ZRUNLQJ
HOHPHQWVRIWKHVQDSILW>@
7KHPDWKHPDWLFDORSWLPL]DWLRQVWDUWVE\GHILQLQJDVWDUWLQJ
JHRPHWU\ ZLWK DQ H[SOLFLW GHVLJQ WRSRORJ\ IRU WKH DFWXDO
RSWLPL]DWLRQ 'HVLJQ SDWWHUQV WKDW FRPSULVH HVWDEOLVKHG
VROXWLRQ HOHPHQWV FDQ EH DSSOLHG WR GHILQH WKLV VWDUWLQJ
JHRPHWU\ 7KXV D VROXWLRQ WKDW WDSV WKH LQWHQGHG
PDQXIDFWXULQJSRWHQWLDOLVJXDUDQWHHG7KLVVWHSDOVRLQFUHDVHV
RSWLPL]DWLRQ HIILFLHQF\ DV LW VNLSV D FRPSOH[ WRSRORJ\
RSWLPL]DWLRQ WKDW KDV OLWWOH EHQHILW IRU WKH LQWHQGHG SURGXFW
IXQFWLRQ DQG VWDUWVZLWK WKH VKDSHRSWLPL]DWLRQ7KH VWDUWLQJ
JHRPHWU\FRQWDLQVLQIRUPDWLRQDERXWWKHFODPSFRQWDFWDUHDV
DSSOLFDWLRQRIWKHIRUFHIOH[LRQSRLQWVDQGURXJKGLPHQVLRQV
)LJ$GGLWLRQDOO\ WKH V\PPHWULF VWUXFWXUHRI WKH VWDUWLQJ
JHRPHWU\ HQDEOHV FRPSHQVDWLRQ RI ODWHUDO IRUFHV GXULQJ
DVVHPEO\
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
)LJ)RUPDOL]HGGHVLJQWDVNDQGVWDUWLQJJHRPHWU\
3.4. Algorithm-based solution finding: simulation model of 
the snap-fit fastening 
)ROORZLQJ WKH PDQXIDFWXULQJ LQWHJUDWHG DOJRULWKPEDVHG
SURGXFW GHVLJQ DSSURDFK LQIRUPDWLRQ RQ WKH GHVLJQ WDVN
EHFRPHVDQRSWLPL]DWLRQSUREOHP,QWKHPDWKHPDWLFDOFRQWH[W
WKLV LV FDOOHG D VKDSH RSWLPL]DWLRQ IRU PXOWLERG\ FRQWDFW
SUREOHPV LQ OLQHDU HODVWLFLW\ 7R SUHSDUH WKH RSWLPL]DWLRQ
SUREOHPWKHPXOWLERG\FRQWDFWSUREOHP>@KDVWR






GHQRWHGE\ȳ௦ ؿ ԹଶDQGSURILOHE\ȳ௠ ؿ Թଶ$VVLJQPHQWRI
WKH VXEVFULSWV ڄ௠ DQG ڄ௦ LV DUELWUDU\ EXW IL[HG 7R DYRLG
WHFKQLFDO GLIILFXOWLHV VHYHUDO DVVXPSWLRQV KDYH WR EH PDGH
DERXWWKHGRPDLQDQGWKHDFWLQJIRUFHV)LUVWLWLVDVVXPHGWKDW
ȳǣൌ ȳୱ ׫ ȳ௠KDVD/LSVFKLW]ERXQGDU\>@@WRJXDUDQWHHWKH
H[LVWHQFHRIWKHRXWHUQRUPDORQWKHERXQGDU\7RJHWDZHOO
SRVHG SUREOHP LW LV QHFHVVDU\ WKDW WKH ERXQGDU\ߜȳFDQ EH
GLYLGHG LQWR WKUHH GLVMRLQW VXEVHWVȞ஽ǡ Ȟேǡ Ȟ஼  7KH 'LULFKOHW
ERXQGDU\Ȟ஽LVDVVXPHGWRKDYHDQRQ]HURPHDVXUHRWKHUZLVH






െ݀݅ݒߪሺݕሻ ൌ ݂௩ ݅݊πǡ 
ߪሺݕሻ ൉ ݊ ൌ ݂ ௦ ݋݊߁ேǡ 
ݕ ൌ Ͳ ݋݊߁஽Ǥ 

7KHVWUHVVWHQVRUߪLVREWDLQHGE\+RRNH¶VODZDQGVLQFH
RQO\ VPDOO GLVSODFHPHQWV DUH DVVXPHG WKH OLQHDUL]HG VWUDLQ
WHQVRUFDQEHXVHGQHJOHFWLQJWKHQRQOLQHDUWHUPV





ሺߘݕ ൅ ሺߘݕሻ்ሻ 
7KHPDWHULDOWHQVRUܥGHSHQGVRQWKH/DPpFRQVWDQWVߣ௟ǡ ߤ௟
DQGFKDUDFWHUL]HVWKHPDWHULDOSURSHUWLHV(TXDWLRQVDQG
GHVFULEH WKH HTXLOLEULXP EHWZHHQ WKH H[WHUQDO DQG LQWHUQDO
IRUFHVDFWLQJRQHDFKFRPSRQHQWRIWKHFRQQHFWLRQZKHUH݂௩ א
ܮଶሺȳሻGHQRWHV YROXPH IRUFHV OLNH JUDYLW\ DQG݂௦ א ܮଶሺȞேሻ
UHSUHVHQWVWKHVXUIDFHORDGVRQWKH1HXPDQQERXQGDU\Ȟே7KH
RXWHU QRUPDO ݊ LQ  LV DVVLJQHG WR Ȟே  (TXDWLRQ 
GHPRQVWUDWHV WKDW WKH GLVSODFHPHQW XQGHU ORDG ݕ א ܪ஽ଵሺȳሻ
YDQLVKHVRQWKH'LULFKOHWERXQGDU\RUȞ஽LVIL[HGLQVSDFHGXH
WRWKHDFWLQJIRUFHV7KHLQWHUDFWLRQEHWZHHQERWKGRPDLQVFDQ
EH GHVFULEHG E\ WKH IROORZLQJ FRQWDFW FRQGLWLRQV RQ WKH
LQWHUIDFHȞ஼ ؔ Ȟ௦஼ ׫ Ȟ௠஼ 

െ ߪ௧ሺݕ௦ሻ ൌ ߪ௧ሺݕ௠ሻ ൌ Ͳǡ 
ߪ௡ሺݕ௠ሻ ൌ ߪ௡ሺݕ௦ሻ ൑ Ͳǡ 
݃ ൒ ሾݕ݊ሿǡ 
Ͳ ൌ ሺሾݕ݊ሿ െ ݃ሻߪ௡ሺݕ௠ሻǡ 








ሾݕ݊ሿ ؔ ሺݕ௦ െ ݕ௠ሻ݊Ǥ 

7KHRXWHUQRUPDOYHFWRU݊LQ LVDVVRFLDWHGZLWKȳ௦RU
Ȟ௦஼&RQGLWLRQV  DQG  VWDWH WKH IULFWLRQOHVV FDVHDQG WKH
RSHUDWLQJ GLUHFWLRQ RI WKH FRQWDFW VWUHVVHV  LV WKH QRQ
SHQHWUDWLRQ FRQGLWLRQ 7KH FRPSOHPHQWDU\ FRQGLWLRQ 
HQVXUHVWKDWFRQWDFWVWUHVVHVRQO\RFFXULIWKHWZRSDUWVDUHLQ
FRQWDFW7KHV\VWHPRISDUWLDOGLIIHUHQWLDOHTXDWLRQV
IRUPXODWHG DERYH LV WKH VWURQJ IRUPXODWLRQ RI WKH WZR ERG\
FRQWDFW SUREOHP LQ OLQHDU HODVWLFLW\7KLV IRUPXODWLRQ FDQ EH
WUDQVIRUPHGLQWRDZHDNIRUPXODWLRQ>@7KHGLVFUHWL]DWLRQRI
WKH ZHDN IRUPXODWLRQ LV LPSOHPHQWHG ZLWK TXDGUDWLF DQVDW]
IXQFWLRQVIRUGLVSODFHPHQW7KHFRQWDFWFRQGLWLRQLVPRGHOHG
ZLWKWKHPRUWDUPHWKRG5HIHUULQJWR>@GXDOEDVLVIXQFWLRQV
IRU WKH QRUPDO FRQWDFW VWUHVVHVߣKDYH EHHQ FKRVHQ:LWKଶ
UHJXODUL]DWLRQ>@ WKH IROORZLQJGLVFUHWL]HGSUREOHPFDQEH
IRUPXODWHGZKHUHWKHFRPPRQO\XVHGVXEVFULSWڄ௛LVLJQRUHG
)LQGݕ א Թଶ௡೓DQGߣ א Թ௡೎VXFKWKDW

ܣݕ െ ܨ ൅ ܤ்ߣ ൌ Ͳ 
ߣ െ݉ܽ ݔ൫Ͳǡ ߙିଵሺܤݕ െ ݃ሻ൯ ൌ Ͳǡ 

ZLWKWKHVWLIIQHVVPDWUL[ܣ א Թଶ௡೓ൈଶ௡೓WKHIRUFHYHFWRUܨ א
Թଶ௡೓ WKHQRUPDO WUDFHRSHUDWRUܤ א Թ௡೎ൈଶ௡೓DQG WKHQRUPDO
JDS݃ א Թ௡೎7KHSUREOHP LV VROYHGXVLQJ WKH ILQLWHHOHPHQW
PHWKRG7KHH[SRQHQWV݊௛RU݊௖GHQRWHWKHQXPEHURIQRGHVLQ
WKH ILQLWH HOHPHQW PHVK UHSUHVHQWLQJ ȳ RU WKH FRQWDFW
ERXQGDU\7KHILQLWHHOHPHQWPHVKUHVXOWVIURPWULDQJXODWLRQ
RI WKHJLYHQGRPDLQ7KHDGGLWLRQDOUHJXODUL]DWLRQSDUDPHWHU
ߙ א Թା LV D FRQVHTXHQFH RI WKHܮଶ UHJXODUL]DWLRQ 7KH OHIW
KDQGVLGHRILVGHQRWHGE\ܥሺݑǡ ݕǡ ߣሻLQWKHIROORZLQJ
VHFWLRQ
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݉݅݊ ܬሺݑǡ ݕǡ ߣሻ  
ݏǤ ݐǤܥሺݑǡ ݕǡ ߣሻ ൌ Ͳ 
ݑ א ܷ௔ௗǤ 

7KH VHW RI DGPLVVLEOH GHVLJQVܷ௔ௗ LV LQWURGXFHG WR FRYHU
GLIIHUHQW NLQGV RI FRQVWUDLQWV VXFK DV ERXQGV OLQHDU DQG
QRQOLQHDU FRQVWUDLQWV GXH WR WKH GHVLJQ YDULDEOHV ݑ  7KH




ܬሺݑǡ ݕǡ ߣሻ ؔ න݂௩ ڄ
ఆ





VWLIIQHVVRI WKH VQDSILW IDVWHQLQJZKLFK LVQHFHVVDU\ IRU WKH
VQDSILW¶VXVHSURFHVVVHH6HFWLRQ,QFRQWUDVWWRJHQHULF
DOJRULWKPV>@DGHULYDWLYHEDVHGDOJRULWKPLVXVHGWRVROYHWKH
VKDSH RSWLPL]DWLRQ SUREOHP  7KH QHFHVVDU\ VKDSH
GHULYDWLYHV FDQ EH HIILFLHQWO\ FDOFXODWHG XVLQJ WKH DGMRLQW
DSSURDFK >@ )ROORZLQJ WKH EODFN ER[ DSSURDFK HDFK
IXQFWLRQHYDOXDWLRQUHVXOWVLQDILQLWHHOHPHQW)(VLPXODWLRQ
ZKLFKPHDQV WKDWܥሺݑǡ ݕǡ ߣሻKDV WREHVROYHGIRUDJLYHQݑ א




IRU WKH RSWLPL]DWLRQ DOJRULWKP LQ HDFK LWHUDWLRQ UHVXOWLQJ LQ








7R GHVFULEH WKH GHVLJQ WKURXJK WKH GHVLJQ YDULDEOHV D
SDUDPHWUL]DWLRQRIWKHGRPDLQȳLVXVHG)RUWKLVSXUSRVHWKH
GRPDLQ LV GHFRPSRVHG LQWR UHFWDQJOHV DQG WULDQJOHV 7KH
FRRUGLQDWHVRIWKHFRUQHUSRLQWVRIWKHVHVXEGRPDLQVUHSUHVHQW
WKH GHVLJQ YDULDEOHV ZKLFK DUH GHGXFHG IURP LQGHSHQGHQW
SURGXFW SURSHUWLHV 6HFWLRQ  7KH SDUDPHWUL]HG VQDSILW
IDVWHQLQJLVVKRZQLQ)LJௗD
7KH QH[W VWHS LV LPSOHPHQWDWLRQ RI WKH FRQVWUDLQWV 7KH
IRFXVLVRQWKHPDLQFRQVWUDLQWVWKDWHQVXUHWKHDVVHPEO\DQG




6LQFH WKH VWDUWLQJ JHRPHWU\ VKRZQ LQ )LJௗE KDV D
VLJQLILFDQWO\ODUJHUXQGHUFXWDVGHVLUHGLWLVUHFRPPHQGHGWKDW
WKLV XQGHUFXW FRQVWUDLQW LV KDQGOHG DV D SHQDOW\ WHUP LQ WKH
REMHFWLYH IXQFWLRQ PDNLQJ LW IHDVLEOH IRU DOO UHPDLQLQJ
FRQVWUDLQWV ,QIHDVLEOH VWDUWLQJ JHRPHWULHV UHTXLUH WKH
DSSOLFDWLRQ RI DQ DGGLWLRQDO SKDVH RQH DOJRULWKP WR JHW D







)RU VKDSH RSWLPL]DWLRQ SUREOHPV WKDW UHTXLUH





ܬሚሺݑǡ ݕǡ ߣሻ ൌ ܬሺݑǡ ݕǡ ߣሻ ൅ ߩ݉ܽݔ൫Ͳǡ ݃௨௖ሺݑሻ൯Ǥ 

7KH WHUP݃௨௖ሺݑሻ UHSUHVHQWV WKH IXQFWLRQ WKDW OLPLWV WKH
XQGHUFXW RI WKH ORZHU IODQJHV݃ሺݑሻWR WKH PD[LPDO DOORZHG
XQGHUFXW݃௠௔௫DVVKRZQLQ

݃௨௖ሺݑሻ ؔ ݃௨ሺݑሻ െ ݃௠௔௫ ൑ Ͳ ֞ ݃௨ሺݑሻ ൑ ݃௠௔௫ 

7KHSHQDOW\SDUDPHWHULVFKRVHQVXFKWKDWWKHYDOXHVRIWKH
FRPSOLDQFH DQG WKH SHQDOW\ WHUP DUHZHOOEDODQFHG EXW KLJK
HQRXJKWKDWWKHRSWLPDOVROXWLRQLVIHDVLEOHGXHWRWKHXQGHUFXW
FRQVWUDLQW ,Q WKH XVH FDVH WKLV ZDV JLYHQ IRU݌ ൌ ͲǤͳ  %\
OLPLWLQJWKHDQJOHȖE\GHJUHHVEHWZHHQWKHIODQJHVRQHDFK
VLGHIURPDERYHDOOGHJUHHVRIIUHHGRPDUHORFNHGGXULQJWKH
VQDS ILW¶V XVH SKDVH 'LVWLQFW IRUFH DSSOLFDWLRQ HQIRUFLQJ D
VPDOO JDS EHWZHHQ WKH VSOLWWLQJ FHQWHU RI ERWK SURILOHV LV
QHFHVVDU\ WR JHW GLVWLQFW FRQWDFW DUHDV 7KLV FRQVWUDLQW ZDV
PRGHOHGWKURXJKUHVWULFWLRQVRQWKHKHLJKW݄ሺݑሻRIWKHWULDQJOH
PRGHOLQJWKHJDS
3.6. Optimized snap-fit design 
$VPHQWLRQHG LQ WKHVWDUWLQJJHRPHWU\ )LJEZDV
LQIHDVLEOH GXH WR WKH XQGHUFXW FRQVWUDLQW 7KH RSWLPL]HG
JHRPHWU\ )LJௗ LV IHDVLEOH LQ DOO FRQVWUDLQWV 7KLV LV D
VXLWDEOH FKRLFH IRU WKH SHQDOW\ SDUDPHWHU %\ DSSO\LQJ WKH
EXQGOH WUXVW UHJLRQDOJRULWKP WKHFRPSOLDQFHRI WKH VQDS ILW
FRXOGEHUHGXFHGE\ZKLOHLQFUHDVLQJVWLIIQHVV





:KLOH DSSO\LQJ GHVLJQ SDWWHUQௗ, IURP )LJௗ WKH VQDSILW
ORRNV OLNH WKDW VKRZQ LQ )LJௗD WKH DSSOLFDWLRQ RI GHVLJQ
SDWWHUQௗ,, OHDGV WR D WRWDOO\ GLIIHUHQW VROXWLRQ )LJௗE
1RQHWKHOHVV WKH RYHUDOO SURFHGXUH GXULQJ SURGXFW
GHYHORSPHQWVWD\VWKHVDPH






WKH UHDOL]HG SRWHQWLDO RI WKH IDVWHQLQJ :LWK PD[LPXP
GLPHQVLRQVRIௗPPZLGWKௗPPGHSWKDQGௗPPOHQJWK
WKH SURILOH LQWHJUDWHG VQDSILW LV DEOH WR ZLWKVWDQG H[WHUQDO
IRUFHV RI XS WR ௗ1 VQDSILW , DQG ௗ1 VQDSILW ,,
H[FHHGLQJ WKH VWDUWLQJ JHRPHWU\¶V EHDUDEOH IRUFHV E\ DERXW
 DV D UHVXOW RI RSWLPL]DWLRQ ,Q FRQWUDVW WKH DVVHPEO\
IRUFHVDUHDERXWௗ1VQDSILW,DQGௗ1VQDSILW,,'XH
WRWKHVSHFLDOGHVLJQRIWKHOLQHDUIORZVSOLWVQDSILWDGGLWLRQDO
FODPSLQJ IRUFHV EHWZHHQ ERWK SURILOHV DUH JHQHUDWHG ZKHQ
ORDGLQJSURILOHZLWKDQH[WHUQDOWHQVLOHIRUFH7KHPD[LPXP
VWUHVVHVGXULQJDVVHPEO\XVHDQGGLVDVVHPEO\DUH MXVWXQGHU
WKH \LHOG VWUHQJWK RI WKH FKRVHQ PDWHULDO =6W( ZKLFK
UHYHDOV WKH SURILOH¶V OLJKWZHLJKW SRWHQWLDO $GGLWLRQDO
IXQFWLRQDOEHQHILWDULVHVIURPXVLQJWKHFRQWDFWEHWZHHQERWK
SURILOHVDVDVOLGLQJFRQWDFWSURYLGLQJDWUDQVYHUVDOPRYHPHQW
EHWZHHQ ERWK SURILOHV &RPELQHG ZLWK D FRQWLQXRXV IORZ
SURGXFWLRQ WKH DSSOLFDWLRQ RI WKH PDQXIDFWXULQJ LQWHJUDWHG








IRUPDOL]LQJ WKHGHVLJQ WDVN WKH LQWHJUDWLRQRIPDQXIDFWXULQJ
SURFHVV DVSHFWV LQWR SURGXFW GHVLJQ EHFRPHV IHDVLEOH DQG
GHVLJQRSWLPL]DWLRQLQFOXGLQJWKHVHSURFHVVDVSHFWVEHFRPHV
SUDFWLFDEOH 7KH HDUO\ SKDVHV RI SURGXFW GHYHORSPHQW DUH
HPSKDVL]HG ZKLFK UHVXOWV LQ PDQXIDFWXULQJ SRWHQWLDO EHLQJ
UHDOL]HGLQWHUPVRIKLJKHUSURGXFWTXDOLW\OLJKWZHLJKWGHVLJQ
KLJKHUFRPSRQHQWVWUHQJWKDQGIXQFWLRQDOEHQHILWDVZHOODVD
PRUH HIILFLHQW GHYHORSPHQW SURFHVV 5HILQHPHQW LV VWLOO
QHFHVVDU\ IRU WKH RSWLPL]HG VQDSILW IDVWHQLQJ WR DFKLHYH DQ
DSSURSULDWHGHJUHHRIFRQFUHWL]DWLRQ%\LPSOHPHQWLQJDGHWDLO
GHVLJQ DQG FXUYHG HOHPHQWV LQWR WKH GHVLJQ RSWLPL]DWLRQ
DOJRULWKPWKLVUHILQHPHQWHIIRUWFDQEHUHGXFHG6LPLODUO\WR
WKH DSSOLFDWLRQ RI GLIIHUHQW GHVLJQ SDWWHUQV EDVHG RQ RQH
PDQXIDFWXULQJWHFKQRORJ\GHVLJQSDWWHUQVEDVHGRQGLIIHUHQW
PDQXIDFWXULQJWHFKQRORJLHVFDQEHDSSOLHGYHU\HDVLO\E\XVLQJ








































JULGV IRU QRQOLQHDU PXOWLERG\ FRQWDFW SUREOHPV 6,$0 - 6FL &RPSXW

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
>@8OEULFK08OEULFK61LFKWOLQHDUH2SWLPLHUXQJ%DVHO%LUNKlXVHU
